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Mission Statement

Sacramento State's Team Solar NEST Sacramento State's Team Solar NEST strives to discover
the future of sustainable, energy-efficient housing and deliver these innovations to home
buyers at an affordable price. To make strategic improvements to conventional building

methods with regard to aesthetics, performance, and affordability. Through our efforts, we

aspire to redefine the possible by building tomorrow one home at a time.

Our Reflect Home is the embodiment of those ideas and the
essence of what we hope to accomplish.
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Article 01. Summary of Changes

Revision March 26, 2015
¢ Updated quantity takeoff
¢ Revised specifications
e Revised Interconnection Application Form
o Changed inverter model
o Changed number of panels
e Updated formatting, styling & general housekeeping

Revision February 12, 2015
e Updated quantity takeoff
¢ Revised the rules compliance checklist
e Miscellaneous formatting

Revision November 18, 2014
e Updated rules compliance checklist
¢ Updated Construction Specifications
e Updated Interconnection Application form
¢ Revised water budget
¢ Revised structural calculations
e Miscellaneous housekeeping and formatting

Project Manual — Construction Documentation (Resubmission)
U.S. D.O.E. Solar Decathlon 2015
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Article 02. Rules Compliance Checklist

RULE
Rule 4-2

Rule 4-2

Rule 4-3

Rule 4-4

Rule 4-5

Rule 4-6

Rule 4-6

Rule 4-7

Rule 4-7

Rule 5-2

Rule 5-2

Rule 6-1

Project Manual — Construction Documentation (Resubmission)

RULE DESCRIPTION

Construction
Equipment

Construction
Equipment
Ground Peneftration

Impact within the Solar
Envelope
Generators

Spill Containment

Spill Containment

Lot Conditions

Lot Conditions

Solar Envelope
Dimensions

Solar Envelope
Dimensions

Structural Design
Approval

U.S. D.O.E. Solar Decathlon 2015

LOCATION DESCRIPTION

Drawing(s) showing the assembly and
disassembly sequences and the movement
of heavy machinery on the competition site

Specifications for heavy machinery

Drawing(s) showing the locations and depths
of all ground peneftrations on the
competition site

Drawing(s) showing the location, contact
area, and bearing pressure of every
component resting directly within the solar
envelope

Specifications for generators (including sound
rating)

Drawing(s) showing the locations of all
equipment, containers, and pipes that will
contain liquids at any point during the event

Specifications for all equipment, containers,
and pipes that will contain fluids at any point
during the event

Calculations showing that the structural
design remains compliant even if 18 in. (45.7
cm) of vertical elevation change exists

Drawing(s) showing shimming methods and
materials to be used if 18 in. (45.7 cm) of
vertical elevation change exists on the lot

Drawing(s) showing the location of all house
and site components relative to the solar
envelope

List of solar envelope exemption requests
accompanied by justifications and drawing
references

List of, or marking on, all drawing and project
manual sheets that will be stamped by the
qualified, licensed design professional in the
stamped structural submission; the stamped
submission shall consist entirely of sheets that
also appear in the drawings and project
manual

LOCATION
O-101

01 50 00

N/A

S-101
S-104

N/A

A-103, F-102
H-501, P-101
P-104

221116
221119
22 3300
41 62 23
Arficle 03

S-101

C-102, G-201

N/A

Article 03, All
“S" drawing
Sheets

Published 3/26/2015

Article 02. Rules Compliance Checklist | 2
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Rule 6-2

Rule 6-2

Rule 6-3

Rule 7-1

Rule 7-2

Rule 8-1

Rule 8-3

Rule 8-3

Rule 8-4

Rule 8-4

Rule 8-5
Rule 8-5

Rule 8-5
Rule 8-5
Rule 8-5
Rule 8-5

Rule 8-5

Project Manual — Construction Documentation (Resubmission)
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Finished Square
Footage

Finished Square
Footage

Entrance and Exit
Routes
Placement

Watering Restrictions

PV Technology
Limitations
Batteries

Batteries

Desiccant Systems

Desiccant Systems

Village Grid
Village Grid

Village Grid
Village Grid
Village Grid
Village Grid

Village Grid

U.S. D.O.E. Solar Decathlon 2015

Drawing(s) showing all information needed
by the rules officials to measure the finished
square footage electronically

Drawing(s) showing all movable components
that may increase the finished square
footage if operated during contest week

Drawing(s) showing the accessible public
tour route

Drawing(s) showing the location of all
vegetation and, if applicable, the movement
of vegetation designed as part of an
integrated mobile system

Drawing(s) showing the layout and operation
of greywater irrigation systems

Specifications for photovoltaic components

Drawing(s) showing the location(s) and
quantity of all primary and secondary
batteries and stand-alone, PV-powered
devices

Specifications for all primary and secondary
batteries and stand-alone, PV-powered
devices

Drawing(s) describing the operation of the
desiccant system

Specifications for desiccant system
components

Completed interconnection application form
Drawing(s) showing the locations of the
photovoltaics, inverter(s), terminal box, meter
housing, service equipment, and grounding
means

Specifications for the photovoltaics,
inverter(s), terminal box, meter housing,
service equipment, and grounding means

One-line electrical diagram

Calculation of service/feeder net computed
load per NEC 220

Site plan showing the house, decks, ramps,
tour paths, and terminal box

Elevation(s) showing the meter housing, main
utility disconnect, and other service
equipment

G-101, A-101

N/A

G-103

L-101

N/A

26 31 00

A-104, G-102,
F-101

28 31 00

N/A

N/A

Article 07
A-103, E-101,
M-20T1,

26 31 00

E-601

E-001

E-101

E-201

Published 3/26/2015
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Rule 9-1

Rule 9-1

Rule 9-2

Rule 9-3
Rule 9-4
Rule 9-6
Rule 9-6

Rule 9-7

Rule 9-8
Rule 9-8
Rule 9-9
Rule 9-9

Rule 11-4

Project Manual — Construction Documentation (Resubmission)
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Container Locations

Container Locations

Team-Provided Liquids

Greywater Reuse
Rainwater Collection
Thermal Mass
Thermal Mass

Greywater Heat
Recovery

Water Delivery
Water Delivery
Water Removal
Water Removal

Public Exhibit

Solar Decathlon 2015

Drawing(s) showing the location of all liquid
containers relative to the finished square
footage

Drawing(s) demonstrating that the primary
supply water tank(s) is fully shaded from
direct solar radiation between 9 a.m. and 5
p.m. PDT or between 8 a.m. and 4 p.m. solar
time on October 1

Quantity, specifications, and delivery date(s)
of all team-provided liquids for irrigation,
thermal mass, hydronic system pressure
testing, and thermodynamic system
operation

Drawing(s) showing the layout and operation
of greywater reuse systems

Drawing(s) showing the layout and operation
of rainwater collection systems

Drawing(s) showing the locations of liquid-
based thermal mass systems

Specifications for components of liquid-
based thermal mass systems

Drawing(s) showing the layout and operation
of greywater heat recovery systems

Drawing(s) showing the complete sequence
of water delivery and distribution events

Specifications for the containers to which
water will be delivered

Drawing(s) showing the complete sequence
of water consolidation and removal events

Specifications for the containers from which
water will be removed

Interior and exterior plans showing entire
accessible tour route

H-101

P-102

223500

N/A

A-561, L-104

N/A

N/A

N/A

BD

221119

BD

221319

G-103

Published 3/26/2015

Article 02. Rules Compliance Checklist | 4



W
O
=
>
20

reflect home
T

Article 03. Structural Calculations
6000 J Street

Sacramento, CA 95819-6126
(916) 217-0023

STRUCTURAL DESIGN CALCULATIONS
100% COMPLETE SET

Prepared for:

Cadlifornia State University, Sacramento

Department of Construction Management

February 12, 2015

Engineer-of-Record:
Mikael J. Anderson, PE

Mikael Anderson, Co-Principle Investigator, Department Chair
California Professional Engineer (PE), Civil #60455 Calculations Page 1 of 42

Project Manual — Construction Documentation (Resubmission) Published 3/26/2015
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TABLE OF CONTENTS

DESCRIPTION CALCULATIONS PAGE

Design Criteria:

Live Loads 3
Lateral, Seismic 4-8
Lateral, Wind 8-11
Dead Load Tables: =-=======mnmmmmm e e e e e e e e e e 12-13

Vertical Design:

Roof Framing 14-20
Bedroom Storage Framing 24 - 26
Floor Framing 27 - 31
Deck Framing 32-33
Foundation Design 34

Lateral Design

Seismic vs. Wind Design 35-37
Overturning Stability 38
Roof & Floor Diaphragms 39 - 40
Shear Walls 41 - 42

Mikael Anderson, Co-Principle Investigator, Department Chair
California Professional Engineer (PE), Civil #60455 Calculations Page 2 of 42
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STRUCTURAL DESIGN CRITERIA - Live Loads

2013 Cadlifornia Building Code (CBC)

: Type of
" Construction:

a) Wood-Framed Residential Structure, on mobile tfrailers (flooring)

2. Design Live Loads:

a) Roof Pu= 20 psf CBC Table 1607.1
(non-reducible, < 4:12 roof slope)

b) Floor Pu= 50 psf CBC Table 1607.1
(increase from 40 psf per DOE)

c) Canopy Pu= 5 psf CBC Table 1607.1

d) Decks Pu= 100 psf CBC Table 1607.1

e) Ramps/Egress Pu= 100 psf CBC Table 1607.1

f) Paved Surface Pu= 6000 psf CBC Table 1607.1

3. Foundation Design:
Soil Report:  Minimum allowable per CBC - non paved areas
Dated: N/A
Allowable Bearing Pressure:
Typical Footing = 1000 psf

DOE: Solar Decathlon, Paved Surfaces
Dated: September 24, 2014
Allowable Bearing Pressure:
Typical Footing = 6000 psf

Mikael Anderson, Co-Principle Investigator, Department Chair
California Professional Engineer (PE), Civil #60455 Calculations Page 3 of 42
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STRUCTURAL DESIGN CRITERIA - Lateral Design (SEISMIC)

2013 California Building Code (CBC)
4. Lateral Design: Primary Structure

a) Seismic (Static Force Procedure) CBC 1630.2.1

Seismic Design Category, SDC = D Provided by DOE
Building Occupancy Category = I CBC Table 1604.5
0.2 Sec Response, Ss=  2.75 CBC Seismic Maps, Figure 22-3
1.0 Sec Response, S1=  1.00 CBC Seismic Maps, Figure 22-4
Soil Classification, S = D CBC Table 1613.5.2
Site Coefficient, Fa= 1.0 CBC Table 11.4-1
Site Coefficient, Fv = 1.5 CBCTable 11.4-2
Maximum Seismic Spectral Response, Sms = 2.75  (Ss * Fa)
Maximum Seismic Spectral Response, Smi= 1.50 (S1*Fy)
DESIGN Seismic Spectral Response, Sos = 1.83  (2/3 * Sms)
DESIGN Seismic Spectral Response, Spi =  1.00  (2/3 * Smi)
Importance, | = 1.0 CBCTable 11.5-1

CBC Table 12.2-1 (Wood-framed

Response Modification Factor, R = 5.0 Bearing Wall Systern]

Building Structure Period, Ta:

Structure Coefficient, Ct= 0.035 (wood framed, all other structures)
Structure Factor,x= 0.75 (wood framed, all other structures)
Mean Roof Height, hn= 16.0 Feet
| Structure Period, Ta = 0.28  Seconds |

Seismic Response Coefficient, Cs

Cs= 0.367 [Sps/ (R/1)]
(Cs)qu = 0714 [SD] / (TG*R/l) ]

(Cs)min = 0.010 forS$i>0.6 g
Seismic Response Coefficient, Cs= 0.367

Redundancy Factor, LI = 1.0

Earthquake Load, E =[] *En + Ev
En= 0367 (Cs*W)

E.= 0  (ASD)
| ~E= 037 W |
Mikael Anderson, Co-Principle Investigator, Department Chair
California Professional Engineer (PE), Civil #60455 Calculations Page 4 of 42
Project Manual — Construction Documentation (Resubmission) Published 3/26/2015
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2013 California Building Code (CBC)
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:; acceleration expressed as a percent
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Contouws 1
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of gravity. pointin

s direction of decreasing values.

e Locations of faults (see DISCUSSION).
‘The number on the fault is the
median spectral response acceleration
tim\\as 1.5, expressed as a perceat of
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DISCUSSION

] X% il B i
| 7 suface of the cdge of the fault rupture area located closestfo
b s surface. Only the ol i

faultisthe |

ek 4

finxs 1.5, The

J the e used for
L Lol o T Index map showing location of study area

Seloo . & e ot o n5e

o o Ground 3 120

negm?in:nap Maximum C Eathquike

Response Acceleration (Figure 22-1) for additional discussion

and references i) 100 [ 100 200 MILES

100 0 100 1200 KILOMETERS

= m— T —

FIGURE 22-3 MAXIMUM CONSIDERED EARTHQUAKE GROUND MOTION FOR REGION 1 OF 0.2 SEC SPECTRAL RESPONSE ACCELERATION (5% OF
CRITICAL DAMPING), SITE CLASS B :

Mikael Anderson, Co-Principle Investigator, Department Chair
California Professional Engineer (PE), Civil #60455 Calculations Page 5 of 42
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2013 California Building Code (CBC)
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FIGURE 22-4 MAXIMUM CONSIDERED EARTHQUAKE GROUND MOTION FOR REGION 1 OF 1.0 SEC SPECTRAL RESPONSE ACCELERATION (5% OF
CRITICAL DAMPING), SITE CLASS B

Mikael Anderson, Co-Principle Investigator, Department Chair
California Professional Engineer (PE), Civil #60455 Calculations Page 6 of 42
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STRUCTURAL DESIGN CRITERIA - Lateral Design (SEISMIC)

2013 California BU|Id|ng Code (CBC)
TABLE 11.4-1 SITE ( COEFFICIENT, F, °

F\h Mapped Maximum Considered Earthquake Spectral
Response Acceleration Parameter at Short Period
Site Class S5<025 | =05 | 55=0.75 | S&=1.0 | S>1.25
A 0.8 0.8 0.8 0.8 0.8
B o Labd 1.0 1.0 1.0 1.0
C 18 1.2 1.1 1.0 1.0
D 1.6 1.4 1.2 1.1 1.0
E 2.5 1.7 1.2 0.9 0.9
F ’ See Section 11.4.7

NOTE Use straight-line interpolation for intermediate values of Ss.

Minimum Design Loads for.Buildings and Other Structures

TABLE 11.4-2 SITE COEFFICIENT, F,

Mapped Maximum Considered Earthquake Spectral
Response Acceleration Parameter at 1-s Period
Site Class 5 < 0.1 S{ =02 S =03 5i=04 | 5,>05

A 0.8 0.8 0.8 - 0.8 0.8
B 1.0 1.0 vEL 1.0 1.0
C 1.7 1.6 1.5 1.4 1.3
D 24 2.0 1.8- 16 ' i

E 35 32 28 2.4. 24 .
F See Section 11.4.7

\TOTE Use strai ghr_ ]me interpolation for intermediate values of Sl

Mikael Anderson, Co-Principle Investigator, Department Chair

California Professional Engineer (PE), Civil #60455 Calculations Page 7 of 42
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STRUCTURAL DESIGN CRITERIA - Lateral Design (SEISMIC)

2013 California Building Code (CBC)

TABLE 11.5-1 IMPORTANCE FACTORS

l‘ Occupancy Category ’ 7 7
L Ior 1T ’ A 1.0

m | 155

v ’ :

1.5 : ]

TABLE 12.2-1 DESIGN COEFFICIENTS AND FACTORS FOR SEISMIC FORCE-RESISTING SYSTEMS

Structural System Limitations
. and Building Height (ft) Limit®
Seismic Force—Resisting System ASCE 7 Section where Response System Deflection
Detailing Requirements Modification Overstrength Amplification = 5
are Specified Coefficient, R? | Factor, Q9 Factor, Cg? DelsmicDasigh Cefeaory
B C|{D9)EY Fe
A. BEARING WALL SYSTEMS
1. Special reinforced concrete shear walls 14.2 and 14.2.3.6 5 215 5 NL | NL | 160 | 160 100
2. Ordinary reinforced concrete shear 14.2 and 14.2.3.4 4 215 NL | NL | NP | NP NP
walls
3. Detailed plain concrete shear walls 14.2 and 14.2.3.2 2 215 2 NL [ NP | NP | NP NP
4. Ordinary plain concrete shear walis 142 and 14.2.3.1 ' 1145 214 115 NL | NP | NP | NP. NP
5. Intermediate precast shear walls 14.2 and 14.2.3.5 4 214 4 NL | NL | 40% | 40% |  40*
6. Ordinary precast shear walls 14.2 and 14.2.3.3 3 21 3 NL | NP | NP | NP NP
7. Special reinforced masonry shear walls 14.4 and 14.4.3 . 5 214 315 |/ NL | NL | 160 | 160 100
8. Intermediate reinforced masonry shear 14.4 and 14.4.3 3% 215 24 NL | NL [ NP | NP NP
walls 3
9. Ordinary reinforced masonry shear 144 2 215 1344 NL | 160 | NP | NP NP
walls ,
10. Detailed plain masonry shear walls 144 ) 2h 134 NL | NP | NP | NP NP
11. Ordinary plain masonry shear walls 14.4 114 215 1%/ NL | NP | NP | NP NP
12. Prestressed masonry shear walls 14.4 114 2 13/ NL | NP | NP | NP NP
13. Light-framed walls sheathed with 14.1,14.14.2, ’ 614 3 4 NLNL| 65| 65 65
wood stractural panels rated for shear and 14.5
resistance or steel sheets
14. Light-framed walls with shear panels 14.1,14.1.4.2, 2 215 2 NL|NL | 35 [ NP NP
of all other materials a and 14.5
15. Light-framed wall systems using flat 14.1,14.1.4.2, 4 2 315 NL|NL| 65| 65 65
strap bracing and 14.5

Mikael Anderson, Co-Principle Investigator, Department Chair

California Professional Engineer (PE), Civil #60455 Calculations Page 8 of 42

Published 3/26/2015
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STRUCTURAL DESIGN CRITERIA - Lateral Design (WIND)

2013 California Building Code (CBQC)

4. Lateral Design: Primary Structure — cont’'d
b) Wind (Method 1 - simplified approach) CBC 1620
Exposure = C Provided by DOE
Basic Wind Speed, Vw= 85 Mph
ASCE 7-05, figure 6-1

ASCE 7-05, figure 6-4 (no slopes)
ASCE 7-05, figure 6-2 (for h =0-15 ft)
ASCE 7-05, figure 6-2 (forh =15 - 20 ft)

Importance, lw= 1.0

topo factor, Kz = 1
Exposure & Height Factor, (11 = 1.21
Exposure & Height Factor, (2= 1.29

Wind Pressure, ps30 (psf), slope = 9.46° - ASCE 7-05, figure 6-2

Wind Pressure, (p3o)a = 11.5 psf (Area A)

Wind Pressure, (p3o)s = -5.9 psf, uplift (Area B)
Wind Pressure, (pao)c = 7.6 psf (Area C)

Wind Pressure, (p3o)o = -3.5 psf, uplift (Area D)
Wind Pressure, (pso)e = -13.8 psf, uplift (Area E)
Wind Pressure, (p3o)F = -7.8 psf, uplift (Area F)
Wind Pressure, (pao)c = -9.6 psf, uplift (Area G)
Wind Pressure, (pso)n = -6.1 psf, uplift (Area H)

Wind Pressure, pi = ([1*Kz*lw) * ps3oi

Ps30

Area h Kazt Iw (psf) pi (psf)
A 0-14ft 1.21 1.0 1.0 11.5 13.92
B 14-18ft 1.29 1.0 1.0 -5.9 -7.61
C 0-14 ft 1.21 1.0 1.0 7.6 9.20
D 14-18ft 1.29 1.0 1.0 -3.5 -4.52
E 1 6ft 1.29 1.0 1.0 -13.8 -17.80
F 16ft 1.29 1.0 1.0 -7.8 -10.06
G 16ft 1.29 1.0 1.0 -9.6 -12.38
H 1 6ft 1.29 1.0 1.0 -6.1 -7.87
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reflect home NEST

STRUCTURAL DESIGN CRITERIA - Lateral Design (WIND)

2013 California Building Code (CBQC)

Main Wind Force Resisting System — Method 1 h <60 ft.
Figure 6-2 | Design Wind Pressures
Enclosed Buildings Walls & Roofs

Transverse

Longitudinal

Main Wind Force Resisting System — Method 1 ' h <60 ft.
Figure 6-2 (cont’d) Design Wind Pressures
— | Walls & Roofs
Enclosed Buildings
Simplified Design Wind Pressure, psso (psf) (Exposure B at h = 30 ft., Kz = 1.0, with | = 1.0)
& Zones
. . w
R W Fioal S Horizontal Pressures Vertical Pressures Overhangs
Speed Angle =
(mph) | (degrees) | 3| A B c D E F o H EH | GoH
0to5° | 1] 115 -5.9 7.6 -3.5 -13.8 -7.8 9.6 -6.1 -19.3 | -15.1
10° 1] 129 5.4 8.6 3.1 -13.8 -8.4 9.6 65 | -193 | -15.1
15° 1] 144 -4.8 9.6 -2.7 -13.8 -9.0 -9.6 6.9 -19.3 | -15.4
85 20° 1] 159 4.2 10.6 -2.3 -13.8 -9.6 -9.6 -7.3 -193 | -15.1
25° 1] 144 23 10.4 24 6.4 -8.7 -4.8 7.0 -11.9 | -10.1
2] e e s 2.4 -4.7 -0.7 B30 | e | - ~
30t045 | 1] 129 8.8 10.2 7.0 1.0 -7.8 0.3 8.7 -45 5.2
2| 129 8.8 10.2 7.0 5.0 3.9 43 2.8 45 52
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SOLAR

NEST

STRUCTURAL DESIGN CRITERIA - Lateral Design (WIND)

2013 California Building Code (CBC)

Importance Factor, I (Wind Loads) l

Table 6-1 |

Non-Hurricane Prone Regions Hurricane Prone Regions
Category and Hurricane Prone Regions with V> 100 mph
with V = 85-100 mph
and Alaska
I 0.87 0.77
I 1.00 1.00
m 1.15 1.15
v 1.15 1.15

Note:

1. The building and structure classification categories are listed in Table 1-1.

Main Wind Force Resisting System — Method 1 h <60 ft.
Figure 6-2 (cont’d) I Design Wind Pressures
Enclosed Buildings Walls & Roofs
Adjustment Factor -
for Building Height and Exposure, A
Mean roof Exposure
height (ft) B C D
15 1.00 1.21 1.47
20 1.00 1.29 1.55
25 1.00 1.35 1.61
30 1.00 1.40 1.66
35 1.05 1.45 1.70
40 1.09 1.49 1.74
45 1.12 1.53 1.78
50 1.16 1.56 1.81
55 1.19 1.59 1.84
60 122 1.62 1.87
Mikael Anderson, Co-Principle Investigator, Department Chair
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DEAD LOAD TABLES

ROOF LOADS (psf):
1/6in 12 SLOPED WOOD ROOF: (psf)

Load Type Decking | Rafter | Lateral
Roofing, metal decking, 26 ga 1.0 1.0 1.0
2" Polyiso Rigid Insulation Panels 0.5 0.5 0.5
5/8" Sheathing 1.8 1.8 1.8
Rafters - 2x8 @ 1'-0"oc 3.0 3.0
R-19 Insulation (5.5", loose) 0.5 0.5
gesnmg Lap 1.8 1.8
Sprinklers, Fire Protection (wet system) 1.0 1.0
Miscellaneous 3.7 3.4 3.4
Dead Load 7.0 13.0 13.0
Live Load (non-reduced for 0.167:12 slope) 20.0 20.0 0.0
Total Load 27.0 33.0 13.0
FLOOR LOADS (psf):

Load Type Decking | Joists | Lateral
Flooring, wood laminate 1.5 1.5 1.5
1-1/8" T&G Sheathing 3.4 3.4 3.4
9-1/2"TJI Joists @ 16" oc 1.7 1.7
R-30 Insulation (7.5", loose) 0.8 0.8
Mobile Trailer, Steel Framing 5.0
Miscellaneous 3.1 3.6 3.6
Dead Load 8.0 11.0 16.0
Live Load (non-reduced) 60.0 60.0 0.0
Total Load 68.0 71.0 16.0
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DEAD LOAD TABLES

EXTERIOR DECK LOADS (psf):

Load Type Decking | Joists | Lateral
Composite Decking, 1xé planks 6.0 6.0 6.0
2x8 PT Joists @ 16" oc 2.3 2.3
Miscellaneous 3.0 3.7 3.7
Dead Load 9.0 12.0 12.0
Live Load (non-reduced) 100.0 100.0 0.0
Total Load 109.0 112.0 12.0
WALL LOADS (psf):

Load Type Studs | Lateral
2x6 Studs @ 16" oc 1.7 1.7
5/8" Drywall 2.8 2.8
2" Polyiso Rigid Insulation 05 05
Panels

1/2" Sheathing 1.5 1.5
E.x’r‘erlor Cladding, horizontal 23 03
siding

Miscellaneous 2.2 2.2
Dead Load 11.0 11.0
Live Load 0.0 0.0
Total Load 11.0 11.0
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VERTICAL DESIGN

VERTICAL LOAD DESIGN - Framing

Live Loads:
Floor: L = 50psf (per calc page 3) Units: Ibf
Roof: Lr = 20psf (per calc page 3) st = —
Canopy: Lc = S5psf (per calc page 3) ft
Decks/Ramps: La = 100pst  (per calc page 3) b
cf = —
Dead Loads: o
Floor: Df = 11psf (per calc page 12)
Roof: r = 13psf (per calc page 12) 1f — Ef
Decks/Ramps: Da = 12psf (per calc page 13) R = ft
Walls: Dw = 11psf (per calc page 13)
ROOF STRUCTURE DESIGN
|) Roof Rafters, R1 @ Great Room
2 2
Span: L = 14.67ft (horiz) 1 ] (3.5) + (21) slopeadj = 1.01
slope,gj = 21
Tribo Width: b = 16in
Wiop = [Slopea e (Dr) N Lr:| b Wiot = 44.24 « plf
Wiot - L Wigt - L2
Vv — Vimax = 324.49 - bt M _ tot Mpax = 1190.1 - ft - 1bf
max - 2 max *— T
DF #1 Fo=1000psi Fv=180psi E=1.7*10¢ psi
Co=1.25 (dead + roof live...roof live governs)
Cm=10&Ci=1.0 (assume dry & normal temp, unless given)
C=1.0 (fully-braced with roof ply on compression side of beam)
Cr=1.15 (3 or more members, continuous ply, and spacing <24"oc...All 3, YES)
Ce=1.2 (initially assumed 2x8, verify later)
Fo=FoeCpeCmeCieCLe Cre Cr F'r=1725¢ psi
F'v=F*Cp*Cme Ci F’v=225°p3i
E'=EeCmneCt E'=1.7x 108 ¢ psi
Mikael Anderson, Co-Principle Investigator, Department Chair
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VERTICAL DESIGN

Mmax q . "
Bending: ereqd = F—' ereqd — 828 .in" 2x8 DF#1 Joists @ 24"oc
b
S, =13.14in3 OK
Shear: A 22 Aeqg = 2,16 - in” )
ear: d=—— d=216-in
s Fy red A=1088in2 OK
Deflection: 4
. . . 4 _ .
= L/240) I 5 Wiot - L Lreqd = 36.97 - in Iy =47.63in* OK

reqd -~ L
384 -E -| —
240

Check actual deflection: Ix = 47.63in4

4
5 - Wiy - L ) .
A oy = tot A max = 0.57 - irr A Jllow = _240 A allow = 0.73 -in
384 E - I,

ll) Header @ Upper Celestial Windows:

Span: L = 40ft

Point loads at 16"oc from roof rafter reactions: P = Vmax P = 324.491bf
Two point loads at 1/3 points: a = 1éir

Shear: Vmax = F Vimax = 324.49 e |bf

Moment Mmax = Pe @ Mmax = 432.7 o ft o |Of

DF #2 Fo = 900psi Fv=180psi E=1.6x 10%psi

Co=1.25 (dead + roof live...roof live governs)

Cm=1.0&Ci=1.0 (assume dry & normal temp, unless given)

C,=1.0 (fully-braced with roof ply on compression side of beam)

C =10 (3 or more members, continuous ply, and spacing <24"oc...All 3, NO)
Ce=1.5 (inifially assumed 4x4, verify later)

Fo=Fo e CpeCme Cie CLe Cre Cs F'v = 1687.5 « psi

Fv=FR*Cp*Cme Ci F'v =225 ¢ psi

E'=E*CmeCt E'=1.7x1086 ¢ psi

Mikael Anderson, Co-Principle Investigator, Department Chair
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VERTICAL DESIGN

max 2
bending: S Sx =3.08-in
F'y reqd 4x4 DF#2 Header
Sx=7.15in3 OK
1.5V ax

shear: Apead= —— Areqd =216- mQ A=1225in2 OK

Fy k= 12.51in4 OK
P-
deflection: I = 2 . (3 . L2 -4 az)
peeteN L . 4
on .| .| — lreqd = 3.98 - in
= L/240) 540
Check actual deflection: L = 47.63in4
5 Wiot - L4
A S — A =0-in > A = — A = 0.20 - in
WWRMAXA 384 -F - Ix max o) 7Y e 240 allow
Ill.) Roof Rafters, R2 @ Garage 3 5
hor -\/ (3.5 +(21)
span, L = 18ft (horiz) slope.g; = o slope,qj = 1.01
trib width, b == 12in
Wiot, = [slopeadj : (Dr) + Lr:| b Wiot = 33.18 - plf
2
WtOt ’ L WtOt . L
Vonan = 5 Vimax = 298.61 -1Ibf M, = T M, = 1343.8 - ft - Ibf
DF #1 Fo=1000psi  Fv=180psi E=1.7 x 10¢psi
Co=1.25 (dead + roof live...roof live governs)
Cm=10&Ct=1.0 (assume dry & normal temp, unless given)
C=1.0 (fully-braced with roof ply on compression side of beam)
C=1.15 (3 or more members, continuous ply, and spacing <24"oc...All 3, YES)
Cr=12 (initially assumed 2x8, verify later)
Flo=Fo*CpeCmeCie CLe Ci* Cr F'o=1725 ¢ psi
Fv=R*Cp*Cme Ct F,v:225'p5i
E'=EeCmeCt E'=1.7x10¢ ¢ psi
Mikael Anderson, Co-Principle Investigator, Department Chair
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VERTICAL DESIGN

2
bending: Sx = Sx =935-in
MR reqd 2x8 DF#1 Joists @ 12"oc

Sy =13.14in3  OK
1.5V max

shear: Aadi= — Areqd = 1.99- i A=10.88in2 OK
v Iy = 47.63in4 OK

5wy L

deflection: M;:

L
= L/240) 384 -F - (_

eqa = 5122 - in
240)

Check actual deflection: = 4,7,63jn4

o

. L ‘
A B m A max = 0.97-1in > A qngw,= o= A allow = 0.90 - in

240

IV.) Roof Rafters, R3 @ Upper Roof

J 357+ 1)

21

span, L = 15ft (horiz) slopeagi, = slopeq; = 1.01

frib width, b = 24in

ARA,

Wiot, = [slopead]- : (Dr) + Lr] b Wiot = 66.36 - plf

2
Wiot - L Wiot - L

Vo= — Vinax = 497.69 - Ibf Moax= 7 My, = 1866.3 - ft - Ibi

DF #1 Fo=1000psi Fv=180psi E=1.7 x 10%psi
Co=1.25 (dead + roof live...roof live governs)
Cm=1.0&Ci=1.0 (assume dry & normal temp, unless given)
C,=1.0 (fully-braced with roof ply on compression side of beam)
Cr=1.15 (3 or more members, continuous ply, and spacing <24"oc...All 3, YES)
Ce=1.2 (initially assumed 2x8, verify later)
Fo=Fo e CpeCme Cie CLe Cre Cr F'v = 1725 « psi
Fv=FR*Cp*Cme Ci F'v =225 ¢ psi
E'=E*CmeCt E'=1.7x108¢ ¢ psi

Mikael Anderson, Co-Principle Investigator, Department Chair
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VERTICAL DESIGN

bending: S Mmax S 12,98 -in’
. X = X = . 1N
MR R reqd 2x8 DF#1 Joists @ 24"oc
Sx=13.14in3 OK
: 1-5Vimax . 2 A=1088in2 OK
shear: WZ= F—' Areqd = 332 - 1IN - . n
v ly = 47.63in4 OK
4
- 5 Wiot - L 4
deflection: Lead = - Lreqd = 59.28 - in
= 1/240) 384 .F .| —
240
Check actual deflection: AI%:: 47.63in4
A = —— A =093-in > A = — A = 0.75-1in
AT 3g BT max vallawn ™ 54 allow
V.) Roof Beam, B1 @ Patio: 14.67ft
san. 1, = 15.0f trib width, b == + 24in

2
Agipb=L-Db Agip, = 140.03ft™ < 200 ft2, NO Live Load reduction

wi= (Dr+ L) - b Wiot = 308.06 - plf E = 2.0-10%psi
shear: ~ Wiot - L Viax = 2310.41 - 1bf
Vimax, = —
2
Wiot - L
moment: M, .. = —s Mpnax = 8664 - ft - 1bf
4
5 Wio - L .4 OPTION #1
deflection: Lread = Ireqd = 233.93 - in
) (L 5-1/4" x 11-1/4" Parallam PSL 2.0E
= L/240) 384 -E -| — Mgl = 26,955 ft-Ib
Vql = 11,420 lbs
lgll = 623 in4

Mikael Anderson, Co-Principle Investigator, Department Chair
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VERTICAL DESIGN

Alternately - Glulam Beam
Glulam 24F-V4:  F, .= 2400psi ~ F, := 265psi E =18 106psi

Cp.= 125 (dead + roof live...roof live governs)

C.=1.0 & Cyi= 1.0 (assume dry & normal temp, unless given)
Cr.= 1.0 (fully-braced with roof ply on compression side of beam)
C =10 (3 or more members, continuous ply, and spacing < 24" oc...ALL 3, NO)
Cy = 1.0 (initially assumed, verify later with exact beam size chosen)
Fo=Fp Cp-Cp G- - G- Gy F', = 3000 - psi
Fe=F, Cp Cy- -G F', = 331.25 - psi
E=E Cpn G E' = 1.8x10° - psi
. Mmax .3
bending: X = F SXpeqd = 34.66 - in
1.5V ax 5
shear: W;: —F' Areq 4= 1046 -in
\%
4
o 5 - Wit - L 4
deflection: 1 = 5 lreqq = 259.92 - in
P =]

try 3-1/8"x10.5" Glulam Beam

S, = 57.42in"

A = 32.81in’
. 4
I, = 301.5in

Mikael Anderson, Co-Principle Investigator, Department Chair
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VERTICAL DESIGN

Re-check Fb with actual Glulam size:

b = 3.125in d := 10.5ir k:=1.0 (simply supported)
oy [t 010 712in\01? (512510 )01 11 510 useCve1o
= | — o | — . = 1. . U_ v=1
s L d b v
all other adjustment factors = SAME
Check actual deflection: i.e. NO CHANGE to bending stress
4
> Mo 0.65-in > L 0.75 - i
A = A = U. - 1n A = — A = U. - 1n
AWRRMXA 384 -F - Ix max poNeNATorYe 240 allow

3-1/8"x10.5" Glulam 24F-V4
Sy = 57.42in3 OK

OPTION #2
A=3281in2 OK
ly =301.50in4 OK
VI.) Column, C1:
column height, H = 10ft
Wiot - L
column load, Pep =2 > + 41bf P = 4624.82 - 1bt
DF#2 Posts: F.:=1350psi E:=13": 106psi Enin == 580000psi
try 4x4 Member: A = 12,251112
guv;: 1.25 (dead + roof live...roof live governs)
C. =10 & Cyi= 1.0 (assume dry & normal temp, unless given)

Cg=1.0 (6x6 post, d < 12" use Cg = 1.0)

F'..=F. - Cp-Cyp-C - Cg F'. = 1687.5 - psi
E=E Cpn G E = 13x10° - psi
Mikael Anderson, Co-Principle Investigator, Department Chair
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VERTICAL DESIGN

Column Stability, Cp:
d, := 5.5in lx = H l,x = 10ft
dy = 5.5in lyy = H lyy = 101t
Ko = 1.0 (pin-pin ends)

Kelux Kl)

de = d,

le_d = max( le d =21.82 <50 slenderness ratio OK

c:=08C (sawnlumber)

B =F.-Cp-C F'. = 1687.5 - psi
0.822 - Ein
Fg = — F = 1001.53 - psi
le_d
2
FeE Fg F
14| — 14| — “E
FHC F”C F”C
Cp = - -
P 2-cC 2-cC C
Cp == min(Cp,1.0) C, =05
! " | 1 PCl 1
F'.:=F'- Cp F.=83686-psi > f.:= A f. =37754 - psi OK
DF#2, 4x4 Posts
Mikael Anderson, Co-Principle Investigator, Department Chair
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VERTICAL DESIGN

WALL SIUD DESIGN

l.) Stud Wall: 2x4 @ 24"oc

column height, H = 10ft
15ft )
columnload, P := (Dr+ Lr) - —— - (24in) Pc = 495 - 1bf
DF#2 Posts: F =1350psi E :=16- 106psi E i, = 580000psi
2 x 4 studs, A= 5.2511r12
Ch=1.25 (dead + roof live...roof live governs)
C. =10 & A(A:Axf 1.0 (assume dry & normal temp, unless given)
Cp =10 (6x6 post, d < 12"use Cg=1.0)
Fo=F. -Cp - Cp C-Cp F'. = 1687.5 - psi
E=E Cpn G E' = 1.6x10° - psi
E'min = Emin* Cm - G Emin = 5.8 x 105 ’ pSi
Column Stability, Cp:
dy = 3.5in L, =H l,x = 10ft
ch%:: 1.5in Al,w,#: 12in 1uy =1ft
Kei= 1.0 (pin-pin ends)
Ke-1 Ke-1
le d := max S , i le d = 34.29 <50 slenderness ratio oK
NWYWWA dx dy -

c = 0.8C (sawn lumber)

APA‘A'A'QV:: FC . CD . CF
0.822 - Eppin

F'. = 1687.5 - psi

Fg: .
W o & Fp = 405.58 - psi
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VERTICAL DESIGN

2
Fg Fg F
1+ — 1+ — <k
F”C F”C F”C
Cp = - -
i 2.c 2.c C
Gp.i= min(Cp,1.0)
Pc
Feo=FL C, Fo=38308-psi > fo=—

DF#2, 2x4 studs @ 24"oc

G, =023

f. = 94.29 - psi
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VERTICAL DESIGN

BEDROOM STORAGE AREA FLOOR STRUCTURE DESIGN

l.) Floor Joists @ 16" oc, J1

span, L = 8.0ft trio width, b = 16in
Wige, = (Dg + Lg) - b Wior = 81.33plf
2
Wiot - L Wiot * L
Vonax = — Vinax = 325331bf Mgy = —— M,ax = 650.7ft - 1bf

TJI Type 110, 9.5" Joist

Elg; = 157-10° - in” - Ibf dgi = 9.5in

f
25wy (L4) 2.67 - Wiot - (Lz) : (Etfj
A _

A= +
1728 - Ely; 144(dt]-i : 105)

A max = 0.062in > &gy = o A alloy = 0.40in

TJI Type 110 Joist, 9.5"
Vall = 1,220 Ibf OK

Mgl = 2,500 ft-bf OK

Mikael Anderson, Co-Principle Investigator, Department Chair
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VERTICAL DESIGN

Il.) Floor Header over Restroom:

span, L = 12.833ft trib width, b = 4ft
Agin= L-b Ayip = 51.33&2 <200 ft2, 1171 NO Live Load reduction
Wion = (Dg+ Lg) - b Wiop = 244 plf E = 2.0-10%psi
Wiot - L
shear: Vinax, = 5 Vimax = 1565.631bt
2
Wiot - L
moment: Myax, = 5 Max = 502291t - 1bt

Glulam 24F-V4:  Fy = 2400psi  F = 265psi  F,= 1.8-10°psi

gDV;: 1.25 (dead + roof live...roof live governs)

C. =10 & Cyi= 1.0 (assume dry & normal temp, unless given)

Gy =10 (fully-braced with roof ply on compression side of beam)

C,=1.0 (3 or more members, continuous ply, and spacing < 24" oc...ALL 3, NO)
A(A;MN:: 1.0 (initially assumed, verify later with exact beam size chosen)

Fo=Fp Cp-Cp G- CL- G- &y F'y, = 3000 psi

Fe=F, - Cp -Gy -G F', = 331.25psi

E=E Cpn G E' = 1.8 x 10° psi

Mikael Anderson, Co-Principle Investigator, Department Chair
California Professional Engineer (PE), Civil #60455 Calculations Page 25 of 42

Project Manual — Construction Documentation (Resubmission) Published 3/26/2015
U.S. D.O.E. Solar Decathlon 2015 Article 03. Structural Calculations | 29



re t home

VERTICAL DESIGN

. Mmax .3
bending: SXread = R Sxreqd = 20.09in
1.5V nax 7
shear: Avead = 5 Areqd = 7.09in
\%
| 5wy - L )
deflection: Lead = T lreqq = 128.92in
= L/240) 384 . F' - (_)
try 3-1/8"x10.5" Glulam Beam
2
Sy¢.=5742in
A = 32.81in’
. 4
I = 301.5in
Re-check Fb with actual Glulam size:
b:=3125in  d:= 10.5ir k=10 (simply supported)
Cy:=k 2 )" (12in " (5125 Cy =112 >1.0 [luseCv=1.0
¥ L d b v = 1. . use .
all other adjustment factors = SAME
Check actual deflection: i.e. NO CHANGE to bending stress
4
> Mo 027in > L 0.641
A = A = U. 1n A = —_— A = U. 1mn
AMWRRRAXA 384 -F - Ix max Franr- A1) 7Y 240 allow

3-1/8"x10.5" Glulam 24F-V4
Sy =57.42in3 OK
A=3281in2 OK
I, =301.50in4 OK

Mikael Anderson, Co-Principle Investigator, Department Chair
California Professional Engineer (PE), Civil #60455 Calculations Page 26 of 42

Project Manual — Construction Documentation (Resubmission) Published 3/26/2015
U.S. D.O.E. Solar Decathlon 2015 Article 03. Structural Calculations | 30




reflect home

2
O
=
>
20

VERTICAL DESIGN

DESIGN PROPERTIES

j_—l l—-m"

1%||_1%||

3/3“

g%ll
114"
1"

o

TJI® 110 Joists

j_—l l—-zl/ls"

— (] _[ 1%"—13/3"]_

3/8"

117"
14"
16"

_ 4
TJI® 210 Joists

J_—‘| r—Zéfls“

b
o T

3/8“

ril—|

9

11? "
14"

|

TJI® 230 Joists

o
T

13"

%n

117"
14"
16"

_

TJI® 360 Joists

™
| -
13/3--}_ _

117%"
et 14"
lﬁll

.

TJI® 560 Joists

Design Properties (100% Load Duration)

Basic Properties Reaction Properties
: i ; i = 3%2" Intermediate a%" Intermediate
Depth | e | oSt Ll Joist Goly Maximon | 1 end |y End Reaction (Ibs) Reaction (Ibs)
ght Momen £ Elx10 Shear Reaction Reaction . _
(Ibs/ft) ({t-lhs) {in.2-1bs) {Ihs) {Ibs) {Ibs) NoWeb | With Web NoWeb | With Weh
Stiffeners |Stiffeners@| Stitfeners |Stiffeners@
Mo | 23 [ 250 157 [ 1220 | o0 [ 1220 | 1935 [ NA | 2350 [ MNA
K" 210 2.6 3,000 | 18'6 1,330 1,005 1,330 2,145 N.A. 2,565 NA.
230 27 | 3330 | 206 1,330 1,060 1,330 2,410 N.A. 2,790 N.A.
110 2501 3160 | 267 1,560 910 1375 | 1,935 | 2,29 2350 | 2705
210 28 | 3795 [ 315 1,655 1,005 1,460 2145 | 2,505 2,565 2,925
1%" 230 | 30 | 425 | 347 | 1655 | 1,060 | 1485 | 2410 | 2765 | 2790 | 3150
360 3.0 | 6,180 | 419 1,705 1,080 1,505 2460 | 2815 3,000 3,360
560 40 | 9500 636 2,050 1,265 1,725 3,000 3,475 3,455 3,930
M0 | 28 | 3780 | 392 | 180 | 00 | 1375 | 1935 | 2295 | 2350 | 2705
210 | 31 | 4400 | 462 | 195 | 1005 | 1460 | 2145 | 2505 | 2565 [ 2925
14" 230 33 | 499 509 | 1,945 1,060 1,485 2,410 2,765 2,790 3,150
3| | 33 | 735 | 6l2 | 195 | 1080 | 1505 | 2460 | 2815 | 3000 | 3360
560 42 | 11275 926 2,390 1,265 1,725 3,000 3475 3,455 3,930
210 3.3 5,140 629 2,190 1,005 1,460 2,145 2,505 2,565 2,925
g |20 | 35 | 5710 | 6ol | 2190 1060 | 1485 | 2410 | 2765 | 279 | 3150
360 35 | 8405 | 830 2,190 1,080 1505 | 2460 | 2815 3,000 3,360
560 45 | 12925 | 1,252 2,710 1,265 1,725 3,000 | 3475 3,455 3,930

(1) Caution: Do not increase joist moment design properties by a repetitive member use factor.
(2) See detail W on page 6 for web stiffener requirements and nailing information.
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VERTICAL DESIGN

MAIN FLOOR STRUCTURE DESIGN
l.) Floor Joists @ 16" oc, J2

span, L = 10.0ft trib width, b := 16in
Wiae,= (D + Lg) - b Wior = 81.33plf
2
WtOt ’ L WtOt . L
Yonan = — Vinax = 406.671bf My = —— M,y = 10167t - Ibf

TJI Type 110, 9.5" Joist

El, = 157-10° - in” - Ibf dgi. = 9.5in

ft
205wy (L4) 2.67 - Wigy - (Lz) : (ﬁj
A _

T 708 Bl

5
144(%-1 .10 )

A max = 0.139in > A _po A allow = 0.50in

" 240

TJI Type 110 Joist, 9.5"
Vall = 1.220 Ibf OK

Mgl = 2500 ft-bf OK

Mikael Anderson, Co-Principle Investigator, Department Chair
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VERTICAL DESIGN

II.) Trailer Edge Girders

span, L = 5.5¢4t (max, between piers)
frib width, b = 6ft (10-ft wide and 12-ft wide modules)
Wiat, = [(De+ D) + (Lot Le) | b wygy = 564 plf
2
Nman= = Vimax = 1951 -1bf g OT Mpay = 2132.6 - ft - Ibf

DF #1: Alf,bN:: 1000psi Alf,ysz 180psi E=17 106psi

Cn.= 125 (dead + roof live...roof live governs)
C= 1.0 & Ci= 1.0 (assume dry & normal temp, unless given)

A%M;: 1.0 (fully-braced with roof ply on compression side of beam)

C.=10 (3 or more members, continuous ply, and spacing < 24" oc...ALL 3, NO)
Cpi=13 (initfially assumed 4x8, verify later)

Fo=Fp Cp-Cp-C-CL- G- G F'y, = 1625 - psi

Fe=F, - Cp Cy -G F', = 225 psi

E, =B Cn G E = 1.7x10° - psi

bending: M

3 4x8 DF#1 Gird
G .. max SXreqa = 15.75 - in x8 DP#] Gir 5
oo Yo Te R F Sy =30.66in°> OK
A=2538in2 OK
shear: N 1.5V, 1ax Aveqa = 1034 -~ lk=111.1iIn% OK
Mhm%'_ F]
\4
deflection: 4
L/240) 1 > o lreqa = 2484 - in’
= = d = «%0%"
AFEASh L red
384 -E .| —
240
. 4
Check actual deflection: I, = 111.1in
4
> ot b 0.06 - in > L 0.28 i
A = —_— A =0.06-in > A = — A = 0.28 -in
WWIRMAXA 384 - F' - Ix max oAl Te) 7Y N 240 allow
Mikael Anderson, Co-Principle Investigator, Department Chair
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VERTICAL DESIGN

ALTERNATE DESIGN - STEEL Main Girders

span, L = 11ft

ARAA®

b = 6ft

ARA,

(max, between piers)

trib width,

Permanent Design Loads:

Wit = [(Dr + Df) + (Lr + Lf)] b

Wiot - L
V omax, = > Vimax = 3102 - 1bt
2
Wiot * L
Max. = T M ax = 8530.5 - ft - 1bf

LIFTING Design Loads:
Wio2 = [ Dy + Df) - b+ Dy - 11t

Two pick points:

Pick #1 at 1/4 point front (forklift)
Pick #2 at 1/4 point rear (dolly)

(33ft)

Pl = Wtotz . T -2 Pl = 8745 - 1bt
(33ft)

Pz = WtOtZ . T -2 P2 = 8745 - lbf

Py

Vonax = Viax = 43725 - 1bf
33ft
T

Mivan= — Mpax = 721463 - ft - 1bf

WtOt = 564 - plf

WtOt = 564 .

(10-ft wide and 12-ft wide modules)

forklift

dolly

Governs Design

Governs Design
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VERTICAL DESIGN
Fy := 50000psi

Grade 50 Steel Channel

Fj, = 33000 - psi

.= 0.66 - Fy
Fy. =040 -Fy F,, = 20000 - psi
Eg := 29000000psi
_ 33ft
M 2
bendi S M S 2624 -in"
ending: X = X =26.24 -in
R Fy, reqd C10x30 Girders
Sy =20.7in3 OK
hear: _ Ymax in’ A=882in2 OK
I dnadh™ freqa = 02211 =103in4 OK
X
4
- S Wiot2 - L 4
deflection: 1 = s leqq = 18.47 - in
e ™ e ()
Check actual deflection: ,\Imv:: 1031114
4
> Mook 0.15-in > L 0.83 - i
A = A = U. - 1N A = — A = U. - 1N
MWWRRMXA 384 - ES . IX max ool Te) 7Y 9N 240 allow
Mikael Anderson, Co-Principle Investigator, Department Chair
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VERTICAL DESIGN - DECK & RAMP FRAMING

l.) Joists @12"ocC
span, L = 6.5t (max)
trib width, b = 1ft
Wit = [ (Da) + (L) ] - b Wiop = 112 - plf
WtOt : L WtOt . L2
Vomax, = 5 Vimax = 364 - 1bt M o= —5 Mpax = 591.5 - ft - 1bt
DF #2: Fp.:= 900psi b =180psi E:=16" 106psi
A(A:NDV:: 1.25 (dead + roof live...roof live governs)
Cm =1.0 & A%N:: 1.0 (assume dry & normal temp, unless given)
Cp =10 (fully-braced with roof ply on compression side of beam)
Cpi=10 (3 or more members, continuous ply, and spacing < 24" oc...ALL 3, NO)
Cp=13 2x6
Fo=Fp - Cp-Cp, G- CL- G- G F'y, = 1462.5 - psi
Fe=F, - Cp Cy- -G F'y, = 225 psi
E=E Cpn G E' = 1.6x10° - psi
bend S Mimax S 485-in°
ending: X = X =485-in
PR T reqd 2x6 DF#2 Joists @ 12"oc
L5y Sy =7.56in3 OK
shear: Aragd= ﬁ Areqd = 243 in2 A=825in2 OK
Fy Iy =20.80in4 OK
- 5w L 4
deflection: T .4:= 3 lreqq = 8.65 - in
= L/240) 384 -F .| —
- \240
Check actual deflection: 1= 20.801114
4
> Mot 0.14 -in > L 0.33 - i
A = A = U. - 1N A = — A = V. - 1N
AWRNAXA 384 -F' - Ix max Sl 240 allow
Mikael Anderson, Co-Principle Investigator, Department Chair
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VERTICAL DESIGN - DECK & RAMP FRAMING

Il.) Beams at deck perimeter

span, L = 6ft (max)

o 6.5ft
trib width, b= —

m 2
Wit = [ (Da) + (L) ] - b Wioe = 364 - plf
2
WtOt ' L WtOt . L
Vonan = 5 Vimax = 1092 - 1bf M o= T Mpax = 1638 - ft - 1bf
DF #2: Fy = 900psi  F, = 180psi E:= 1.6 - 10°psi
guv;: 1.25 (dead + roof live...roof live governs)
C. =10 & Cy= 1.0 (assume dry & normal temp, unless given)
Cp =10 (fully-braced with roof ply on compression side of beam)
Cpi=10 (3 or more members, continuous ply, and spacing < 24" oc...ALL 3, NO)
Cp=13 4x6
Fo=Fp - Cp-Cp G- C- G- G F', = 1462.5 - psi
Fe=F, - Cp - Cy- -G F', = 225 psi
E=E Cpn G E' = 1.6x10° - psi
Mmax

2
bending: SXeeadi= SXreqd = 1344 - in”

F'y 4x6 DF#2 Joists @ 12"oc
Sy =17.65In3 OK
1.5V nax 5 >
shear: A‘f‘wm:: F—' Areqd =728 .in A=1925in OK
v A ly = 48.53in4 OK
flection: 5wy - L .
deflection , _ tot . lheqd = 2211 - 1n4
= 1/240) 384 -E ‘(mj \
Check actual deflection: L. = 20.80in
> Mot L 032-in > L 0.30 - i
A = A = U. - 1N A = — A = U. - 1N
AMWRNAXA 384 -F' - Ix max Sl 240 allow
Mikael Anderson, Co-Principle Investigator, Department Chair
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VERTICAL DESIGN

FOUNDATION DESIGN

l.) Piers/Jacks

Reaction from main floor beams is the load on these piers/jacks, x2

11ft
Ppier = 2| Wiot " Ppier = 6204 - 1bf

Precast footing pads, 12" x 12" pier. 2000 psi concrete

Apier = 12in-12in Ao, =16
Paltow = 2000psi ~Apie] Paitow = 288000 - 1b{ > Ppier = 6204 - 1bf OK
Pasphalt = 6000psi (per project specs)
Ppier .
Pmax = A— Pmax = 43.08 psi oK
pier -

II.) Sliding Friction

The precast concrete pads provide a static fricition against sliding due to lateral loads.

There are 24 seismic piers on this project, each with 12'x12" concrete pads.

Coefficient for sliding, concrete on asphailt is 0.40-0.70, use Heonc = 0.40
Structure weight (per lateral calcs below), Wiotal == 587521bf
Friction force, Fr = Wiotal * M conc F¢ = 23500.81bf
Max shear due to lateral load calcs below, Viateral = 85351bf
since  Viaieral = 85351bf < F; = 23500.81bf NO SLIDING

Mikael Anderson, Co-Principle Investigator, Department Chair
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LATERAL DESIGN

SEISMIC vs. WIND

1.) Determine the governing Lateral Load

a. Seismic Loads:

Building Weight, Ws:

Anoos = 68ft - (36ft) Ao = 2448t
Agogr = 68ft - (36ft) Aoy = 2448t
Wy = Argof - (D) + Agtoor - (D) W, = 58752 - Ibt
(0.36 - W)
E = 07— - (per Calc Page 4, ASD Load Combo 0.7*E,
2 1/2 of load to roof diaphragm, 1/2 to floor)

|E = 7402.75 - 1bi seismic base shear to roof diaphragm

b. Wind Loads:
*Analyze the transverse direction as worst case scenario to compare to Seismic

No ridge on roof, single slope => pressure areas F & H not relevant (see Page 10)

Wallheight,  h,, = 13ft
Roof height,  h, := 5ft (from 13ft to 18ft max, 2:12 slope)

Building Comers, g := min(0.10 - 33ft,0.4 - h,,) a = 33ft

Mikael Anderson, Co-Principle Investigator, Department Chair
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LATERAL DESIGN

Area A (wall corner):

Area C (walls):

Area B (roof corner)
(horizontal):

Area D (roofs)
(horizontal):

Area E, roof corners
(vertical, uplift):

pa = 13.92psf (per Calc page 9)
wa = pa - (hw) wa = 180.96 - plf
Ly=2-a Ly = 6.6ft

pc = 7.6psf (per Calc page 9)
Wc = pc- (hw) we = 98.8 - plf
Lc = (65ft) —2-a Lc = 58.4ft

pp = 7.61 - psf (per Calc page 9)
Wg = PB - (hr) wpg = 38.05 - plf
LB =2-a LB = 6.6ft

pp = 4.52pst (per Calc page 9)
WD = Pp - (hr) wp = 22.6 - plf
Lp = (65ft) —2-a Lp = 58.4ft

pg = —17.80 - psf (per Calc page 9)

wg = pp - (33ft) wg = 251.13 - plf

LEZ= 2-a

Mikael Anderson, Co-Principle Investigator, Department Chair
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LATERAL DESIGN

Area G (roofs): pG = 12.38psf (per Calc page 9)

wg = pg - (33ft) wg = 408.54 - plf

LG = (65ft) -2-a LG = 58.4ft

Wind Shear to Roof Diaphragm:

Longitudinal length of building, L = 65ft

VW = WA'LA+WB'LB+WC'Lc+WD'LD

Therefore WIND Governs

Lateral Systems Design

Vy = 853523 -1bf > |E = 7402.751bf

Mikael Anderson, Co-Principle Investigator, Department Chair
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LATERAL DESIGN

Overturning Check:

Building length, L = 65ft Building width, w = 33ft

Transverse loading governs design:
- w
Resisting Moment, RM = Wy - By RM = 969408 - ft - 1bf

Re Re

IXRIRYTAXY

Ra
Rc
T C
RA = Wp e LA RA = 1194.34 1bt m o h_w
armac = = armpc = 6.5t
Re=we-Lc Re = 5769.921bf
. _ h
Rp = wg-Lg Rp = 251.13 bt armgp = h,, + Er armpp = 15.5ft
RD = Wp- LD RD = 1319.841bf
33ft
RE = Wg- LE RE = 1657.461bt armgg == T armgg = 16.5ft
RG = WG LG RG = 23858.741bft

OIM = (RA + Rc) sarmpac+ (RB + RD) -armgp + (RE + RG) Carmgg

OIM = 4906351t - 1bf < RM = 969408ft - 1b{ NO UPLIFT

Mikael Anderson, Co-Principle Investigator, Department Chair
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LATERAL DESIGN

Roof & Floor Diaphragms: - N/S Direction 1

Transverse loading (North-South):

Diaphragm length, L, = 54.5ft

Diaphragm depth, d; := 33ft
Wc  Wp 2
)
M, = M; = 22536.77 ft - Ibf
8
My

max chord force, Ty := a5 T1 = 682931bt 405 piate, chord force
wc wp| Ly

diaphragmreaction, Ry =|—+ — |- — R = 1654.081bf
2 2 2
Ry

diaphragm unit shear, vy = T vy = 50.12plf diapragm shear

1

|ICC Report ESR-1539

Case 1 loading, unblocked, 15/32" ply
8d Common @ 6" edge & 12" field
allowable unit shear, v = 235 plf (table 10)
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LATERAL DESIGN

Roof & Floor Diaphragms: - E/W Direction 2

Longitudinal loading (East-West):

Diaphragm length, L, := 33ft

Diaphragm depth, d, = 54.5ft
Wc Wp 2
2]
M, = S M, = 8262.79ft - Ib{
M,

max chord force, T, := d_2 Ty = 151.611bt 45 piate, chord force
we wp| Lo

diaphragmreaction, Rpi=|—+ — | - — R, = 1001.551bf
2 2 2

. . R
diaphragm unit shear, Vo = d_2 vy = 18.38 plf diapragm shear

|ICC Report ESR-1539

Case 2 loading, unblocked, 15/32" ply

8d Common @ 6" edge & 12" field
allowable unit shear, v = 180 plf (table 10)

Mikael Anderson, Co-Principle Investigator, Department Chair
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LATERAL DESIGN

Shearwall Design - N/S Direction 1

Transverse direction #1 (North-South):

NOTE: We have identified 4 walls in N/S direction that are 11-ft or longer as
shearwall type A. The WEST wall next to garage has the most tributary wind
load, so the design is based off of this wall for type A shearwall.

shearwall length, AIXAIN:: 11ft

. ) 20ft
trib wind fto wall by = —~ by = 10ft
reaction to wall from wind trib, R =l —+—1|.b Ry = 6071bf
FAY > ) 1 1
Ry
wall unit shear, Vg = " vg = 55.18 plf
1

|CC Report ESR-1539

Table 19, 15/32" ply, direct to framing
8d Common @ 6" edge & 12" field
allowable unit shear, v = 255 plf
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LATERAL DESIGN

Shearwall Design - E/W Direction 2

Longitudinal direction #2 (East-West):

North walls, 4 at 2'8" each, govern the design in direction 2:

shearwall length, Lo = 2.666ft

) ) 33ft
trib wind to wall b, = - b, = 16.5ft
(WC WDJ

reaction to wall from wind trib, Rh=|—+—1|.b R, = 1001.551bf
PPN > ) 2 2
Ry

wall unit shear, Vg = — Ve = 93.92plf

4L,

|CC Report ESR-1539

Table 19, 15/32" ply, direct to framing
8d Common @ 6" edge & 12" field
allowable unit shear, v = 255 plf
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Article 04. Detailed Water Budget

Sunday (Day 7)

Initial Systems Fill 1 0 0

Hot and Cold Piping 1 60 60 Includes water heater fill
HVAC System 1 10 10

Fire Water Tank 1 400 400

Imigation 1 30 30

Total Sunday 500 Gallons
Friday (Day 12)

Clothes Washer 1 23 23 C7-3
Dishwasher 1 5 5 C7-5
Hot Water 1 20 20 C8-2
Imigation 1 30 30

Total Friday 78 Gallons
Saturday (Day 13)

Clothes Washer 1 23 23 C7-3
Hot Water 2 20 40 C8-2
Total Saturday 63 Gallons
Sunday (Day 14)

Clothes Washer 1 23 23 C7-3
Dishwasher 1 5 5 C7-5
Hot Water 1 20 20 C8-2
Cooking 1 1 1 C7-6
Total Sunday 49 Gallons
Monday (Day 15)

Clothes Washer 2 23 46 C7-3
Hot Water 3 20 60 C8-2
Irigation 1 30 30

Total Monday 136 Gallons

Tuesday (Day 16)

Project Manual — Construction Documentation (Resubmission) Published 3/26/2015
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Cooking
Dishwasher
Hot Water
Total Tuesday

Wednesday (Day 17)
Clothes Washer
Cooking

Hot Water

Total Wednesday

Thursday (Day 18)
Dishwasher

Hot Water
Imigation

Total Thursday
Friday (Day 19)
Clothes Washer
Dishwasher

Hot Water
Cooking

Total Friday

Subtotals
System:s Fill

Clothes Washer
Hot Water
Dishwasher
Irrigation
Cooking
Contingency

Competition Total

o~ @

— O~ O,

20

23

20

20
30

23

20

23
20

30

150

60
66

46

60
108

40
30
75

23

20

49

500

184

320
25
120

150

1304

Project Manual — Construction Documentation (Resubmission)
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C7-6

C7-5

C8-2
Gallons

C7-3

C7-6

C8-2
Gallons

C7-5
C8-2

Gallons

C7-3
C7-5
C8-2
C7-6

Gallons

Gallons
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Article 05. Summary of Unlisted Electrical Components

No unlisted electrical components will exist within the competition structure. All electrical
components to be used will be approved by an approved testing agency as per Section 6-7 of the
SD2015 Building Code.
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Article 06. Summary of Reconfigurable Features

No reconfigurable features will exist within the competition structure.
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Article 07. Interconnection Application Form

Sacramento State Solar N.E.S.T. — Lot 102

PV Systems

Bosch Roof-mounted solar array: 27 x Bosch c-Si M 60 6,480 W
panels arranged in series (240w EA)
SOLARIA “Solar Skylight” Array: 24 x SOLARIA SIBV4 panels 2,880 W
arranged in series (120w EA)
SOLARIA “Solar Railing” Array: 2 x SOLARIA SIBV4 panels 240 W
arranged in series (120w EA)

Total DC power of all arrays is 9.6 kW (in tenths)

Inverters
Enecsys Micro Inv. SMI-D480W-60-UL 240v ' 0.46 14
Solaredge SE3000A 240v 3 1

Total AC power of all inverters is 9 kW (in whole numbers)

Required Information

The following information must be included in the project manual or construction documents. If
located in the construction documents, list the drawing locations in this section of the project
manual. (Example: B3/E-201)

One-Line Electrical Schematic E-601
Calculations of service/feeder net computed load and neutral load E-501
(NEC 220)

Plan view of the lot showing the house, decks, ramps, tour paths, the E-101, A-103
service point, and the distribution panel or load center

The team’s “electrical engineer” contact information has been provided in the “Team Officer
Contact Info” database on the Yahoo Group.
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